The cluster variation method (CVM) based on the octahedron and tetrahedron approximation was applied to the calculation of ␥ (TiAl, L1 0 )/␣ 2 (Ti 3 Al, D0 19 ) phase equilibrium in the Ti-Al-X (X ‫؍‬ V, Mn, Nb, Cr, Mo, Ni, and Co) systems. The antiphase boundary (APB) energy, the longrange order (LRO) parameter, and the substitution behavior of the ␥ (TiAl, L1 0 ) were calculated. The results of calculations were in good agreement with the data determined experimentally.
Method of Calculations 1. Introduction
The procedures of calculation are the same as those described previosly [1984San] . The configurational entropy Intermetallic titanium aluminides, ␥-TiAl(L1 0 ) and ␣ 2 -per each lattice point of the ␥ and ␣ 2 phase based on the Ti 3 Al(D0 19 ), are of current interest for applications in the octahedron and tetrahedron approximations is written as aerospace industry owing to their low density, high specific follows. strength and good oxidation, and corrosion resistance at high temperature. Two-phase alloys, ␥ ϩ ␣ 2 , are the most hopeful candidates because of their combination of high strength and
good ductility. The relevant portion of the Ti-Al binary system is shown in Fig. 1 . For designing these alloys, the present authors applied the cluster variation method (CVM)
[1951Kik] to the calculation of ␣/␣ 2 phase equilibrium in the Ti-Al system. However, in the limit of two-body interactions, the CVM in the tetrahedron approximation could not Thus, the target of the present study was to develop a
ij )] method to design the ␥ ϩ ␣ 2 two-phase alloys by applying the CVM based on combined octahedron and tetrahedron
(Eq 1a) approximations in order to take into consideration the second nearest neighbor interactions. The energy term was described by using L-J pair potentials. Then, the model was applied to and calculate ␣/␣ 2 and ␣ 2 /␥ phase boundaries in the Ti-Al-X (X ϭ V, Mn, Nb, Cr, Mo, Ni, and Co) systems. Also, we exam-
ined the substitution behaviors of the third element, X, in the ␥-TiAl phase, and the change of the long-range order (LRO) parameter and the antiphase boundary (APB) energy
of the ␥-TiAl phase due to the addition of the third elements. 2, respectively, and where k B is the Boltzman constant, and and Ti sites, respectively. In the case of D0 19 , D is a triangle located in either of the two basal planes, T in the same basal plane and tetrahedron simultaneously, and U in the same short atomic distances considering tetragonality. In order to basal plane and octahedron simultaneously. In the present obtain the most probable atom configuration at equilibrium, approximation, the enthalpy, H, is given by the sum of the the grand potential, ⍀, of the system defined as energies of first and second nearest neighbor pairs considering teragonality. (Table 1 ). In the case of pure elements, the heat of formation and the lattice parameter compiled by Hultgren et al. [1973Hul] and Pearson [1967Per] are availThe 1's and 2's in parentheses are the first and second nearest neighbor atomic distances, and l and s are long and able. The parameter of alloys are evaluated by the heat of
